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The Barmah-Millewa Forest is a large river red gum forest on the Murray River floodplain, well
known for its ecological significance, particularly for waterbird breeding. Historically, a wide variety of
native fish were abundant in the region, and they were an important component of the diet of the local
Aboriginals. The region also quickly becanie the focus of a large commereial fishing cierprise afier Eu-
ropean settlement. Media records of the day suggesi that the weckly cateh varied from one to six tonnes
of fish, mainly Murray cod (Maccullochella peelii peelii). Catches of nive fish soon began to deeline,
and combined with the later effeets of other factors such as river regulation, native fish populations de-
clined rapidly to present day levels, Today, whilst the Forest’s fish fauna has been reduced in abundance
and diversity and imroduced species are common, the Forest remains an important arca for native fish.
This paper discusses historical accounts and 1he current staws of fish fauna in the region, and highlights
a number of the specific challenges periaining to the sustainable management and rehabililation of na-
tive fish populations in the region.
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THE BARMALI-MILLEWA Forest oeeurs on the
Murray River floodplain upstrecam of Echuca.
Whilst the Forest is principally reeognised for its ex-
tensive River Red Gum stand, it also eontains a va-
riety of permanent and ephemeral aquatie habitats
suitable for fish, including swamps, rushlands, open
lakes, billabongs, erecks and open grassland arcas
when inundated, and the ehannels of the Murray and
Edward Rivers and Broken Creek. Although largely
hidden from the human eye. fish are an integral
eomponent of river eeosystems, and are important in
the Barmah-Millewa region for ecological, reere-
ational and eultural reasons.

HISTORICAL PERSPECTIVE

Early accounts of the Barmah-Millewa region sug-
gest that native fish were both diverse and highly
abundant. The cxplorer Charles Sturt travelling
through the region in 1838, noted a group of Abo-
rigines fishing with “astonishing suecess” (Sturt
1838 eited in Leslie 1995): “the pereh, the Dangan a
speeies of barbel and a small fish like the roach with
glittering silvery seales™. (Perch werc most likely
golden pereh (Macquaria ambigua), Dangan most
likely freshwater catfish (Zandanus tandanus) and
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glittering silvery sealed fish perhaps bony herring
(Nematalosa erebi) or silver pereh (Bidyanus
bidvanus)). Fish were an important food souree for
Aborigines, with Curr (1965) reporting that “... the
[Aborigines] loved fish, more espeeially the fat fish,
The supply of their favourite food existed in such
abundance, and was so easily procured...”. The
Aboriginal fishing parties used a variety of methods
to capture the fish ineluding spearing. netting,
hooked lines, trapping and poisoning waterholes.
Some methods were quite ingenious and required
signifieant skill. For example, Aboriginals eon-
strueted weirs from elosely spaced wooden stakes
across channels, trapping fish moving baek into the
river on receding floodwaters in spring and summmer.
This nmethod was often highly sueeessful, and able to
supply their eamps with abundant food for weeks
(Curr 1965: Hibbins 1991). They were also profi-
cient in eapturing fish using underwater spearing
and trapping techniques. One sueh method involved
plaeing a hand nct over the entranee of a hollow log
on the bottom of the river, and foreing large eod
from the log using branches pushed from the other
end (Robinson 1988 eited in Leslie 1995).

These bountiful resourees that were sueh an im-
portant food source and eultural activity for loeal
Aboriginals were soon exploited by Europeuan set-
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tlers. In 1859, Joseph Waldo Riee (Riec’s Weir on
Broken Creek is named in his honour) established
what was probably the first commereial inland fish-
ing enterprise in Australia, largely centered at Moira
Lake (Leslie 1995). The Lake Moira Fishing Com-
pany or Murray River Fishing Company (as it was
later known) supplied fish to markets principally in
Bendigo and Melbourne. The company employed
ten (white) men full time, but also exploited the
fishing skills of a number of Aboriginal men, who
were paid with alcohol in-lieu of wages (Hibbins
1991; Leslie 1995). In 1869, the Hlustrated Aus-
tralian News (22 Mareh 1869) reported that the
weekly catch varied between one and six tonnes, and
averaged three tonnes. Even out of season, half a
tonne of fish was reputedly transported weekly to
Mclbourne markets (Priestley 1965). Leslic (1995)
suggested that this average would have cquated to
around 160 tonnes of fish per year (or 32.000 indi-
viduals weighing an average Skg) being removed
from the lakes and rivers of the region. In 1883, the
first offieial reeords Irom Moama show that around
150 tonnes of fish per year were transported to Mcl-
bourne markets. However this is still likely to be an
underestimate of the total cateh for the region, as it
does not inelude fish transported direetly to Eehuea
or fish sold loeally. suggesting that the total eateh
delivered to Vietorian markets from Eehuca regu-
larly exceeded 150 tonnes annually (Leslie 1995).

Cutehes were at their greatest during the spawn-
ing season, when fish were heavily targeted in the
lakes and often sent to market in full roe. The Com-
pany was repeatedly eritieised in the media for de-
stroying “millions” of fish from Moira Lake (Leslic
1995). Until the 1860s, most fishing was ecntered
on Moira Lake, with eatehes dominated by Murray
cod (Maccullochella peelii peclii), but also ineluded
“bream, pereh and earp” ({ustrated Australian
News, 22 Mareh 1869). (Bream were most likely sil-
ver pereh, pereh probably golden pereh, and earp
most likely goldfish (Carassius auratus) not eom-
mon earp (Cyprinus carpio) as the latter was not
reeorded in the region until the late 1970s (Koehn et
al. 2000)). However, by the 1890s the total eateh
taken to market had declined signifieantly to around
only 35 tonnes per year, and was dominated by
golden pereh (Leslie 1995).

Legal commereial harvesting was not the only
fishing operation affeeting Tish populations of the
Barmah-Millewa region during this time. The region
also supported Aboriginal subsistence fishing, and a
large number of non-professional fisherman regu-

larly fished the lakes and rivers of the region, using
a variety of trapping and netting methods (Leslic
1995). 1n 1895, John Chanter, then Member for
Murray in Vietoria, deseribed the seene on the Vie-
torian side of the lakes as “just one mass of nets that
are termed gill nets, and it is absolutely impossible
for the fish to get out of the lakes into the river no
matter how small or large the fish may be™ (Chanter
1895, eited in Leslie 1995).

During the same time as commereial fishing op-
erations were at their peak. paddlesteamer traffic on
the Murray River in thic region inereased dramati-
cally and fish habitat in the river subsequently suf-
fered. When Europeans first came to the region, the
Murray River was full of trees (or snags) that had
fallen into the river over eenturies (Hibbins 1991).
To enable this new form of transport to navigate the
waters safcly, the snags were eleared from the water
in their thousands. Early snagging attempts only eut
the snags above the water line, but operations soon
becume more eflieient with dedicated snagging
boats removing the snags by wineh and pulley. In
1864, a lone snagging erew eonsisting of a snag
boat, two punts and bullock teams, dragged 962
snags Irom between Toeumwal and Wahgunyah and
eleared over 500 overhanging trees on the edge of
the river (Priestley 1965). Today, we know that na-
tive fish, such as the eods and perehes, are highly re-
liant on snags as habitat in rivers (sce Crook and
Robertson 1999). The removal of such large num-
bers of snags throughout the region is likely to have
had a profound impaet on native fish populations.
Whilst the remioval of snags from rivers is now
strictly eontrolled, the Murray River and its fish still
suffer from the cffeets of the removal of sueh large
numbers of snags.

THE DECLINE IN NATIVE FISH
POPULATIONS AND CURRENT STATUS

Coneern over the deeline in native fish numbers in
the Barmah-Millewa region were reported as early
as the mid 1860s (Leslie 1995), and more broadly
throughout inland NSW by the 1880s (Rowland
1989). In 1892, John Manton, a Fisheries luspeetor
and Forest Ranger of the region, reported to the
Fisheries Commissioners that:
“For some yecars past the dearthh of all kinds of
fish has been great in the river Murray, owing to
the vandulie and ill-controlled system of net-
fishing ... fishing by bag and gill nets is rapidly



FISH AND TIIE BARMAH-MILLEWA FOREST 119

depopulating the fish in the river ... All the way
up the river [from Echuca (o the lakes] we saw
signs of nct fishing in every bend. ... The lakes
covering so much low country they form the nat-
ural habitat of the fish, and when the water re-
ccdes from the land they naturally fall with it
into the natural running channcls, whieh is the
Murray River. The lakes have about a hundred
cxits into that river past mud islands, bulrush
swamps, gum-tree islands, sandbanks and water
races, the very ponds for fish of six varieties.
The lakes are the spawning grounds, and the
young fish follow the old fish in shoals, through
the said outlets. We patrolled these outlets ...
and came across bag and gill ncts across every
outlet visited by us, and in the center of the lakes
where the rushes and flotsam were thickest were
more nets and {ish boxes, securely and skillfully
fixed. ... If such destruction is permitied to go
on like that upon Lake Moira —and it is only onc
placc on the Murray — the fish supply of the peo-
ple will be ruined. Let it be proteeted at once.”
(Echuca and Moama Border Post, 4 January
1893, in Report of the Commissioncrs of Fish-
crics for NSW for 1892, cited in Lcslic 1995).
Rowland (1989) suggested that overfishing by both
commercial and recrcational fishing eauscd the de-
clinc in the Murray River eod fishery until at least
thc 1930s. By the 1930s large-scale commercial
harvesting operations were becoming uncconomical
and people living along the inland rivers suggested
that fish were much more difficult to catch (Dakin
and Kcsteven 1938). Further sharp declings in total
catches of most native fish then occurred to today’s

current levels (Rowland 1989; Reid et al. 1997). As
carly as 1938, declining fish stocks and river regula-
tion were being linked, cspecially in rivers such as
the Murray and Murrumbidgee (Dakin and
Kesteven 1938). This more reeent decline is likely to
be principally due to the effects of river regulation
by deereasing spawning and recruitmient suceess, re-
ducing the availability of habitat both instream and
floodplain and restricting movements (sce Cadwal-
lader 1978; Rowland 1989; Kochn 2002). rather
than overfishing.

1.0. Langtry conducted ecological surveys along
the Murray River in 1949 and 1950, and interviewed
local gamec inspcctors of the Barmah district. Before
the complction of the Hume dam in 1936, the game
inspector suggested that “fish werce relatively plenti-
ful, cod being very conumon ... Fishing was very in-
tensive and often illegal, the lakes being fishcd with
mesh nets and seine nets. ... Fish ol all spccies were
taken in abundance.” However, aftcr the construc-
tion of the dam “fishing declined noticeably”, and
“no Murray cod wcighing less than about 2 1b (0.9
kg) have been taken ... by any method during the
last 5-6 years”, while teneh, carp [most likely gold-
fish] and redfin, “after completcly disappearing be-
tween 1943 and 1948, arc now returning”
{Cadwallader 1977). The inspcetors also suggested
that since construction of the dam, scdimentation
has inercascd, aided by desnagging aetivitics in the
channels, resulting in reduced water depth and the
transparency of thc watcr, potentially smothering
fish eggs and redueing their survival (Cadwallader
1977). Langtry also conducted surveys during this
time in the Barmah lakes and recorded a number of

Name as recorded by Langtry

Current common name

Murray cod Murray cod
trout cod trout cod
Macquaric perch Macquaric perch
callop golden perch

silver pcreh

pigmy pereh (Nannoperca)

sunfish (Melanotaenia nigrans)

northern blackfish (Gudopsis marmoratiis)
smclt (Retropinna semoni)

catfish (Tandanus tandanus)

Galaxiays spp.

redfin

carp

tench
brown trout

silver perch

southern pygmy perch
crimson-spotted rainbowfish
river blackfish

Australian smcit

freshwater catfish

Murray jollytait

Redfin
Goldfish
Tench
brown trout

Tuble 1.

Fish specics recorded by 1.O. Langtry in 1949/50 surveys conducted in Barmah Lakes (Cadwallader 1977).
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Common name Scientific name Last Relative Conscrvation status
Record Abundance NSW  Vic National
Native spccies
Murray cod Maccullochella peelii peelii Rceent Common 1 \
trout cod Maccullochella macquariensis ~ Recent Present 13 CE E
goldcn perch Macquaria awbigua Recent Common
silver perch Bidyanus bidyanus Recent Common \Y CE
freshwater catfish Tandanus tandanus Recent Rare E
bony herring Nematalosa erchi Recent Prescnt
river blackfish Gadopsis marmoratus Recent Rare
short-headed lamprey Mordacia mordax Recent Rare
Macquarie perch Macquaria australasica 1940s Probably \% E E
locally
cxtinet
crimson-spotted rainbowfish  Melanotacuia fluviatilis Reeent Rare DD
Murray hardyhead Craterocephalus fluviatilis Recent Rarc B CE \%
unspccked hardyhead Crateroccphalus Rccent Common DD
stercusnuiscarum fulvus
Australian smclt Retropiuna senoui Recent Common
carp gudgeons Hypscleotris sp. Recent Common
flathead gudgeon Philvpnodon grandiceps Recent Common
southern pygmy perch Nannoperca australis Recent Rare \%
southern purple-spotted Mogurnda adspersa No rccord,  Probably EP RE
gudgeon likely to locally
occur cxtinct
Murray jollytail Gulaxias rostratus No record, Rare
likcly o
occur
climbing galaxias # Galaxias brevipiunis Rccent Rare
Introduccd species
common carp Cypriuus carpio Recent Abundant
goldfish Carasius awatits Reeent Common
oriental weathcrloach Misgurnus anguillicandatus Reeent Common
redfin pereh Perca fluviatilis Recent Common
gambusia Gambusia holbrooki Reccent Abundant
brown trout Salmo trutta Rccent Rare
rainbow trout Oucorlyuachus mykiss Reeent Rare
tench Tinca tinca Reeent Rarc
# Climbing galaxias were recorded in Barmah Forest in 1991 by McKinnon (1997), and is thought to be a translocated
native species from coastal streams, having probably emigrated via water transfcrs from the Snowy Mountain Hydro-
clectric system (Waters ef al. 2002).

Table 2.

Status of fish of the Barmiah-Millewa Forest region, Last record and relative abundance obtained from recent

surveys, historical information in text or probahle distribution. Conscrvation status as listed under NSV Fislieries Man-
agement Act 1994, Flora and Fauna Guarantee Act and conscrvation status DSE (2003), and Ewvironment Protection und
Biodiversity Conservation Act 1999. DD = data deficient, V= vulncrable, EP = endangcred population, E = cndangcred,
CE = eritically endangered, RE = regionally cxtinct.

native speeies that are now either rarely eaught or
are listed as threatened speeies (sec Tables | & 2).
Today, the Barmah-Millewa region of the Mur-
ray River no longer supports a native eommereial
fishery and reereational fishing opportunities have
also deelined. Indeed, native fish populations
throughout the Murray-Darling Basin have under-

gone severe deelines, with estimates suggesting that
fish numbers in the Basin’s rivers may be at 10% of
their pre-European levels (MDBC 2003). Ten of the
18 native species reeorded (or likely) from the For-
est are eurrently listed under either State or Com-
monwealth threatened speeies legislation, and the
{ish of the region arc also included in the listings of
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endangered ceological communities for both Vieto-
ria and NSW. Although the fish fauna has undoubt-
edly been significantly reduced in diversity and
abundance since carly European settlement, a large
diversity of native species still utilise the Forest
(MeKinnon 1997; Stuart and Jones 2002; Jones and
Stuart 2004; King unpublished data) and the region
is still popular with reereational anglers, particularly
those targeting Murray cod. Extensive surveys con-
dueted in Barmah Forest in the early 1990s failed to
record a number of species that were expeeted to be
found, including freshwater catfish (Tandanus tau-
danus), erimson-spotted rainbowfish (Melanotaenia
Jhwiatilis), flatheaded galaxias (Gulaxias rostratus),
southern pygmy perch (Nannoperca australis),
hardyhead (Crateroceplialns spp.) and Maequaric
pereh (Macquaria anstralasicay (MeKinnon 1997).
However, recent surveys have now recorded isolated
populations of rainbowfish and pygmy perch, and
unspecked hardyhead (Craterocephalus stercusuns-
carnm fulvas), which are commonly collected from
a number of'sites within the Forest (Alison King and
Matthew Jones, Arthur Rylah Institute unpublished
data). Additionally trout eod (Maccullochella mc-
quariensis) and flathcad gudgeon (Philypnodon
grandiceps) that were only colleeted in small num-
bers by MeKinnon (1997), are now commonly col-
leeted in the Forest waterways (Alison King and
Matthew Jones, Arthur Rylah Institute unpublished
data). Murray eod, golden pereh and silver perch are
also common throughout the region.

CHALLENGES FOR FISH MANAGEMENT
IN THE FOREST

River regunlation, water management and
envirommental flows

As a result of flow regulation of the Murray River,
the natural flooding and drying eyeles of the Forest
have heen significantly altered. Today, the Forest ex-
perienees a reduetion in the frequeney and duration
of winter and spring floods and a slight increase in
the frequency of small summer lood events (13ren et
al. 1987). In an attempt to mitigate some of the ef-
fects of river regulation on the Forest, regulators
have been instalied to reduee the impaet of unsea-
sonal summer watering, and an annual environmen-
tal water allocation (EWA) of 150 GL per year has
also been implemented. Use of the EWA is not re-
quired cach year, and the allocation is ofien aceu-

mulated for a number of years and used in bulk vol-
umes, typically to extend the duration of natural
flow events originating from the Ovens River catch-
ment upstrcam. Barmah-Millewa Forest has been
reeognised as an icon site under the Murray-Darling
Basin Commission’s Living Murray initiative, and
further environmental watering opportunities and
management initiatives in future years are planned
(MDBMC 2004).

Flooding is thought to provide a wide range of
benefits to native fish including a potential cue for
spawning and adult migration; inundated flood-
plains are potentially important nursery arcas for
young fish, and flooding also allows older fish to
feed, disperse to new habitats and accumulate fat re-
serves (Humphries et al. 1999; Welcomme 2001
King et al, 2003). Whilst the existing Barmah-
Millewa EWA has been operating for a number of
years, little is known about how natural and man-
aged flood events influenee fish populations in the
Forest. MecKinnon (1997) suggested that large
spring llood events seemed to inercase cateh rates
and also the diversity of native fish in some sections
of Barmah Forest. A current projeet is examining the
role of flow reginies on native and introduced fish
spawning and reeruitment throughout the various
Forest habitat types. Whilst the projeet has only
been sampling for the past two years. with few
floodplain inundation events oceurring, a number of
rar¢ and reereationally important species have been
shown to be both spawning and recruiting within the
Forest system (King ct al. 2005; King unpublished
data). The projeet should aid in improving environ-
mental watering strategies for native fish popula-
tions in Barmah-Miliewa and other floodplain
wetlands in the Murray Valley.

The reduetion in frequeney, duration and magni-
tude of flooding in the Forest is likely to have also
altered the diversity of habitats within the Forest
available to fish. Recent surveys of small fish
speeies have suggested that some speeies, such as
erimson-spotted rainbowfish and southern pygmy
perch, are highly restrieted and oceur in only a few
isolated waterbodies throughout the Forest (King
unpublished data). Flooding and subscquent flood-
plain connectivity provides the only mechanism
whereby individuals from these isolated populations
can disperse into new waterbodies. Fish are likely to
use the Forest for many funetions and the mainte-
nanee of a diverse mosaie of habitat types and eon-
neetivity between them is a key issue for future
water and native fish management of the Forest.
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Operation of floodplain regulators

Numerous flow regulating structures of various de-
signs have been constructed across creeks and
floodways along the Murray and Edward river chan-
nels in the Forest. The regulators are used to prevent
unseasonal flooding of the Forest during the artifi-
cially high summer irrigation flows. During major
flood events the regulators are fully open with water
moving widely across the Forest floodplain. The reg-
ulators can also be manipulated to direct lower flood
levels to specifie water management arcas, inundat-
ing particular wetlands or arcas of forest. Whilst the
regulators are primarily operated to improve the eco-
logical health and acccss into the Forest, they can act
as major obstructions for fish movement between
the River and its floodplain. and the rapid elosing of
regulator gates can isolate large numbers of native
and introduced fish. Langtry first recorded the ef-
feets of the regulators on fish movements:
“now, in the summer. when the flow from the
Murray falls below the level of this dam [the Gulf
regulator], fish cannot move upstream into the
Murray and hundreds of fish from 3 to 5 inches
(76 ~ 127 mm) long are trapped below the dam.
Inspector Arantz has taken approximately 3060
catfish and Macquarie perch from below “Gulf™
anabranch dam.” (Cadwallader 1977).
Jones and Stuart (2004) pumped water out of the
pools downstream of the Gulf regulators in May
2003, and found 196 native and 4599 introduced
fish trapped. Many of these fish displayed signs of
stress including large numbers of ulcers, lesions and
lernaea, and therefore it was likely that many of the
fish trapped behind the regulators would have died
(Jones and Stuart 2004). This, together with other
recent rescarch, clearly demonstrates that the cur-
rent operation of regulators is having detrimental
impacts on native fish movements in the region
(Matthew Jones, pers. comm.). Further rescarch is
focused on determining the environmental cues that
trigger fish to move laterally between the River and
floodplain erecks, and investigating the efteets of al-
tering gate operations on fish movement and entrap-
ment (Matthew Jones, pers. comm.). Futurc
management strategies to mitigate the negative im-
pacts of regulators on fish could include slowing the
rate of dewatering and closurc of regulator gates to
increase the chanee of fish moving into refuge arcas,
installing fishways on regulators on major creek
lines, or the removal of some structures.

Management of introduced species, particularly
carp

Eight introduced fish species are found in the For-
est, with five; ecommon carp, goldfish, redfin (Perca
Slnviatilis), weatherloach (Misgurnus anguillicauda-
fus) and gambusia (Gambusia holbrooki) recorded
in large numbers in recent surveys (MeKinnon
1997: Stuart und Jones 2002; Jones and Stuart 2004;
King unpublished data). Oriental weatherloach have
rapidly increased in number and spread throughout
the Forest since the early 1990s, when McKinnon
(1997) recorded only 2 individuals, to the present
day where they arc very common in a range of habi-
tat types (Stuart and Jones 2002: Jones and Stuart
2004; King unpublished data).

Whilst the other introduced species arc also
likely to have impaets on native fish of the region,
most attention is focused on the ecological eflects of
carp. Elcetrofishing surveys conducted between
1999 and 2001 found carp to be the most abundant
large speeies collected in the River and floodplain
habitats, comprising 86% of the biomass (Stuart and
Jones 2002). Whilst carp spawning and reeruitment
is still successful even during low water years in
Barmah-Millewa Forest (King unpublished data),
inundated Noodplain habitats of the Forest are major
sources of young-of-year carp for the mid-Murray
region (Stuart and Jones 2002; Crook 2004). Stuart
and Jones (2002) suggested that the mouths of both
Moira and Barmah lakes appear to be eritical flood-
plain entry and exit points for carp in the Murray
River, and any managcmcent actions employed (eg.
harvesting) should target these key sites. lndecd, in
reeent years commercial harvesting of adult carp has
occurred in Moira Lake, with catehes varying from
apeak of 76 tonnes (average weight 3kg) in 2001, to
less than 20 tonnes in more recent years (Keith Bell,
K & C Fisherics, pers. comm.). Management of in-
troduced fish species, particularly carp, is a difficult
and multi-jurisdictional issue that should be under-
taken using pest management principles using a
combination of control options such as commercial
harvesting at key sites, trapping within fishways,
and if possible, water level manipulations and trap-
ping to reduce recruitment and opportunities for dis-
persal between wetlands (Kochn et al. 2000).
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Minimising the risks of blackwater events that may
lead 1o fish kills

Blackwater events during flooding are a natural
process resulting from inereascd concentrations of
dissolved organic matter which turn the water a yel-
low-brown, tannin colour. Blackwater is typically
oxygen deficient from an increase in the biological
oxygen demand by microbial organisms processing
the organic matter. The combination of hypoxia (low
dissolved oxygen levels) and elevated coneentra-
tions of polyphenolic compounds in the water can
have detrimental cffects on fish, including avoid-
ance behaviour and cven fish kills (Gehrke et al.
1993; McKinnon 1995; McKinnon and Shepheard
1995). Due to river regulation, the Barmah-Millewa
Forest now cxperiences fewer large floods, resulting
in a greater accumulation of leaf litter on the flood-
plain, and also an increase in low level floods during
the warmer summer months, There arc several re-
ports of blackwater events associated with summer
flooding in the Forest (McKinnon and Shepheard
1995; McKinnon 1997: Stuart and Jones 2002).

During a major spring-summer flood in 2000,
dissolved oxygen levels were reported to be as low
as 0.5 mg L°! on the Barmah floodplain (Ivor Stuart.
Arthur Rylah Institute, pers. comm.). This event
triggered a mass cmergence of Murray crayfish (Eu-
astacus armatus) from the river and floodplain,
wherc hundreds of erayfish were seen climbing onto
the river bank and up snags to escape the de-oxy-
genated watcr. McKinnon (1995) reported a similar
mass emergence of crayfish in the Murray River
downstream of the Barmah-Millewa Forest during
the recession of the December 1992 - January 1993
floods. In October 1993, a large flood that inundated
eropping land for a long pcriod eontributed to cx-
tremely low oxygen levels in Broken Creek, down-
strcam of Nathalia, resulting in a fish kill involving
mainly Murray cod, redfin and shrimp (McKinnon
and Shepheard 1995). Unfortunatcly, Broken Creek
suffered a much more severe fish kill in November
2002, when 179+ large adult Murray cod were found
dead (King pers. obs.; Koehn in press). Whilst the
cxact cause of these deaths is still uncertain, low
dissolved oxygen levels were involved, but were not
eaused by a blackwater event. The loss of such a
large number of fish in the region is of major con-
cern for conservation cftorts for the spccics, espe-
cially considering that subsequent surveys of the
reach have found that only a few individuals have re-
turned (Steve Saddlier, unpublished data).

Whilst blackwater events are a natural oceur-
renee, the impacts on aquatic fauna can be signifi-
cant, and arc ccrtainly exaccrbated by increascd
organic matter, reduced flushing rates and high tem-
peratures, particularly if fish are restricted in their
movements (by for example weirs, levees and regu-
lators) and arc unable to escape to altcrnative, more
favourable habitats. The rccent blackwater events
within the forest itself have not caused any observed
fish kills, and this is likely to be due to the ability of
fish to escape from the Forest into the river. How-
ever, this suggests that any futurc management plans
to restrict water movement in the Forest using addi-
tional levees or other barricrs to fish movement
should be viewed with caution. Future rescarch on
the effects of forest blackwater cvents on fish, par-
ticularly their behavioural responscs and Icthal lev-
els is required to address this issue.

Reeent modeling scenarios of the interaction of
flooding and blackwater events in river red gum
forests suggests that pooled, prolonged flooding of
lowland forests increases the risks of blackwater
events, and that flooding in the summer months re-
duecs the amount of time taken for floodwaters to
become anoxie (Howitt ¢t al. 2004). This is an ex-
tremely important aspect for water management in
the Forest, and suggests that care must be taken, par-
ticularly for warmer summer floods, to allow a sig-
nificant amount of water exchange between the
Forest waters and the river to minimise the risks of
blackwater.

CONCLUSION

The Barmah-Millewa Forest is widely recognised as
a sitc of ceological significance. Much attention is
focussed on somc of the Forest's key ecological fea-
turcs, such as watcrbird diversity and the dominant
vegetation eommunities. However, whilst native fish
have undoubtedly undcrgone major deelines sinee
carly European settlement of the region, they are
still a highly diverse and important componcnt of
the Forest’s and River's ccology. Future management
of the Forest needs to be able to better balance all at-
tributes of the Forest’s ecology. and strive to restore
key ecological processes such as recruitment, move-
ment and food production for native fish popula-
tions, while disadvantaging introduced specics.
However, the Torest is a highly complex ccosystem
with a mosaic of different habitat types each with
various water requirements, and balancing all of the



124 ALISON I. KING

Forest’s requirements, with only the limited environ-
mental water available, will not be easy. With this in
mind. futurc management should consider exploring
various water management options. and testing and
evaluating these using an adaptive management
framework. Whilst we arc now recognising the im-
portance of native fish populations in this region, we
still have much to learn about the ecology of fish
and their use of the Forest.
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